The products were i d e n t i e a i t o Cvhose observed i n C O2 photosynthesis.
ABSTRACT
The metabolism of CU labeled glycolic acid by Scenedesmus has been studied using radiochromatcgraphic techniques f o r the separation and i d e n t i f i c a t i o n of products, When the pH of the median was 2,5, appreciable assimilation occurred.
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The products were i d e n t i e a i t o Cvhose observed i n C O2 photosynthesis.
A major reaction anaerobically i n the dark resulted i n incorporation of cU. i n almost equal amounts i n the giycine and'serine reservoirs, When the algae were illuminated, a d i m i m t i m i n the amount of glycine was observed ,
Aerobic and anaerobic glycolic acid asslmilatior, was studied during photosynthesis. The CU l e v e l i n the sucrose and the intermediates of its * This work was sponsored by the United S t a t s s Atomic Energy Commission.
To be published i n Physiologia P l a n t a m , uCRL-908 ABSTRACT synthesis varied with c1202 pressure in the gas used.
14u and 2414 glycolic acids give similar distribution of radioactivity in the products. Hence, glycolic acid is assLmilated by paths other than those involving preliminary cleavage to C1 compounds.
Phosphoglyceric acid isolated from the products of assimilation of both glycolic acids was degraded and found to be approximately equally labeled in its a and $ carbon atoms.
INTRODUCTION
The participati.cn of g l y c o l i c acid i n p l a n t metabolism has been cons i d e r e d i n t h e past, but i t s r e l a t i o n s h i p t o t h e intermediates of carbon dioxide reduction has been obscure, KolesnSkov (10) reported a e e m~l a t i o n of g l y o r j l i c acid i n Chlorella during illumination. Anderson (I) , Kdesnikov (11) and C l a g e t t , Tolbert and Burris (~~1 2 ) studied t h e on-photosynthetic metabolism of g l y c o l i c a c i d by p l a n t t i s s u e s , The presence of g l y c o l i c a c i d among t h e e a r l y photosynthetic intermediates has been observed by Benson and Calvin (4) and by Burris, n i l s o n and S t u t z (61,
The f i r s t s t a b l e product of carbon dioxide a s s i m i l a t i o n i n photosynt h e s i s has been shorn t o be carboxy1-labeled phosphoglyceric acid (5, 7) .
Experiments were then designed t o f o r c e the a c e m u l a t i o n of t h e C2 prec u r s o r of the a and p earhon atams of t h i s compound by i l l u m i n a t i n g p l a n t s i n the absence of carbon dioxide eneo eon and Calvin (4) ). These conditions r e s u l t e d i n t h e acc~umulation of l a r g e amounts of g l y c o l i c a c i d and glycine.
-* This work mas sponsorzd by the United S t a t e s Atomic Energy Commission. 'EXPEBlbfIENTBL PROCED.URE Labeled g1ycoli.c acids prepared by Dr. B. M. Tolbert of t h i s iaboratory were added i n the dark during anaerobic illumination and during photosynthesis i n c1202 by Scenedesmds.
Since the absorption of a strong acid such a s glycolic acid i s generally slow a t physiological pH values, the experiments were performkd i n d i l u t e phosphate buffer a t pH 2.8.
It has been obsemed i n t h i s laboratory+ t h a t photosynthetic a b i l i t y a t low pH (1.5 o r l e s s ) i s neither readily nor i r r e v e r s i b l y destroyed and t h a t the products a r e epparenuy normal.
Feeding Experiments, --A suspension of one gram of a two day old culture of Scenedesmus ( s t r a i n Dj, ~a f f r o n ) i n a 1 cm. thick glass vessel (3) containing 50 ml. of .001 M phosphate buffer, pH 2.8 was allowed t o photosynthesize i n a i r f o r 30 minutes with a l i g h t i n t e n s i t y of 2000 f o o t candles from both sides. A temperature of 20% was maintained by use of adequate infrared absorbers. The c e l l s were allowed a twenty-minute adaptation period i n the gas used immediately previous t o adding the radioactive glycolic acid. I n the dark experiments, the vessel c o n t a i d n g t h e c e l l suspension was covered with black c l o t h during the experiment and the funnel was shielded from l i g h t during f i l t r a t i o n and k i l l i n g ,
Labeled calcium glycolate (1,0 @c/mg] was decationized with Dowex-50,
The f r e e acid (3.2 mg., i , e . 0,0008011) was added a t zero time and the photosynthesis continued f o r ten minutes, The c e l l s were then f i l t e r e d rapidly from the solution i n the l i g h t and k i l l e d by pouring hot absolute ethanol on the f i l t e r , By use of f i l t e r aids on a funnel equipped with two receivers and a two-way stopcock the k i l l i n g procedure required 2-5 seconds.
The algae were re-extracted with 5% ethanol and hot water. The extracts were concentrated and separated by two-dimensional paper chromatography (5) .
After extraction, the insoluble materials (protein and po13saccharide) were counted d i r e c t l y and a s barfvm cmbonate a f t e r combustion, The l i p i d materials, separated from othar soluble compsmds i n the chromatograms, were eluted and counted directly, The t o t a l glycolic acid fiYed was then the swn of the three fractions and was tabulated in Table I . From the known specific a c t i v i t y of the glycolic acid the amount assimilated during the experiments was calculated and tabulated i n Table I, The products were observed on radiograms of such chromatograms and were identified whe~e necessary by cochrornatography with authentic materials. The amount of cU i n each of a number of the major products was counted*^directly on the paper and tabulated i n Table 11 , 
l a t i l e contents d i s t i l l e d i n t o the t h i r d f l a s k , The residue s f formaldehyde-2,4 dEnitrophenylhydrazone i n the second f l a s k was purified chromatographieally on s i i i c i c acid and t h e s p e c i f i c a c t i v i t y determined, This s p e c i f i c a c t i v i t y , together ~5 t h t h e t h e o r e t i c a l f i e l d gives the t o t a l a c t i v i t y of the alpha carbon atom.
The t h i r d f l a s k was warmed t o m o m temperature, and the s o l u t i o n contained t h e r e i n yielded, upon addition of barium chloride solution, a precipitate of barium carbonate which was washed, dried, weighed and counted, The product of the specific a c t i v i t y of the barium carbonate and the t o t a l yield ( s l i g h t l y g~e a t e r than theoretical due t o introduction of inactive carbon dioxide i n reagents and manipulatf on) gives the t o t a l a c t i v i t y of the carboxyl carbon of glycolic acid, These r e s u l t s a r e Table 111 . In a l l dark assimilztion eqeriments coosid3rable amounts of unchanged glycolic acid i s found i n the cell. extract, In the l i g h t , l i t t l e excess gl:rcolic nas observed i n the s i m i l a r l y prepared extracts.
RESULTS
Lone Carlr Emeriments, --The furt'ner metabolic products of glycine, serine and g l y c o l i c acid wers observed i n rsc?fcgrams of 30 minute t o 6 hour dark assimiletion e u p e r i a e~t s vrith g1y;-alFc cci2-2-c14.
The soluble products formed 2urii-g 6 hours Bark o s s i n i l a t i c n of gigcolic a~i d -2 4~~ are given i n Table 11 . It is epparent from the l a r g e f r a c t i o n of glutcmic, succinic, f m a r i c , rmlic and c i t r i c acids *at considerable oxidation through t h e t r i c a r b o q l i c acld cycle may bave occurred. Phis metabolic course appears similar t o that observed i n mgublislim? erperimentc n i t h Ecenedesmus which have been f e d 2-c14 glycioc f n the dark f o r similar periods. Since flushing aith i n e r t carbon Zioxlda ?ii? not a f f e c t the r e s u l t s , exchange cf cI4f7 7 m i s i n g f-on cSdst.lon cf t h e substrate, i n t o . . . pointed out t h a t a C2 compo~md r e l a t e d t c glyzolic acid (glyoine) may be condensed through r e v e r s i b l e reactions t o a C4 compound and snter the t r l c a r b o :~l i c acid cycle as o x a l z c e t~t e , Cthemlse, it must be ~" u~t b e r reduced t o r e a c t as a c e t a t e fz this cycle.
Light Assirnilatfen ExperSments
The products of ten minute and longer periods of illumination were studied and found generally similar t o the products of photosynthesis
14.
with C 02. Glycolic acid i s converted t o c e l l material (protein, polysaccharides) and f a t s , The radioactivity i n the various reservoirs of soluble products corresponded to that observed when c1h2 is assimilated a t this high pHo
The conversion of glycolic acid to serine was observed i n the l i g h t a s well as i n the dark and was independent of oxygen o r carbon dioxlde p a r t i a l pressures during the experiment, I n a l l cases the r a t i o of serine t o f r e e glycine was s e r g high,
The radioactivity i n glutamic acid, which may be taken a s a measrwe A t the same time, radioactivity i n phosphate e s t e r s was greatly diminished.
This can be attributed t o the dilution of CU i n the intermediates by the 12 C 02. The sucrose reservoir, which i s much larger, rapidly acquires a greater t o t a l of radioactivity, although the specific a c t i v i t y i s low.
I n experiments without added carbon dioxide photosynthesis can be The phosphoglyceric acid of t h e aerobic experiment was degraded and the r e s u l t s a r e tabulated i n Table 111 , 
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The metabolism of CU labeled glycolic acid by Scenedesnris has been studied using radiochromatographic techniques f o r t h e separation and i d e n t i f i c a t i o n of products .
Tihen the pH of the medium was 2-8, appreciable assimilation occured, The products were i d e n t i c a l t o those observed i n cUo2 photosynthesis.
A major reaction anaerobically i n the dark r e s u l t e d i n incorporation of CU i n almost equal amounts i n the glycine and s e r i n e reservoirs. When t h e a l g a e were illuminated, t h e glycine and g l y c o l i c acid r a d i o a c t i v i t y decreased.
Aerobic and anaerobic glycolic acid assimilation was studied during photosynthesis. The cU l e v e l i n the sucrose and t h e intermediates of i t s synthesis varied with c1202 pressure i n t h e gas used, 
